prospective r4 territory in the center of the hindbrain as Here we identify a novel signaling center in the zebradefined by Krox20 expression which defines r3 and r5 fish embryo that arises prior to establishment of seg-( Figures 1I-1N Figure 1O ) sequences failed to show these effects and had no effect in any of the assays described below. We assessed effects of morpholino-mediated inhibiBy contrast, injections of single morpholinos had no effect on either Hoxa2 (Fgf8mo, n ϭ 25/25; Fgf3mo, n ϭ tion of Fgf3 and Fgf8 by in situ hybridization for rhombomere-specific gene transcripts. Overall, effects of sin-31/31) or Ephrin B2a expression (Fgf8mo, n ϭ 20/20; Fgf3mo, n ϭ 24/24). It should be noted that in zebrafish gle morpholinos were only rarely observed, whereas inhibition of both Fgfs produced dramatic effects. the anterior hindbrain comprises r0 and r1, with the latter being EphrinB2a positive, whereas in avian and murine Knockdown of either Fgf8 or Fgf3 individually ( Figures  2A-2C and 2E-2G) produced no effect on Krox20 exembryos only a single segment, called r1, is present. Fgf8 from the mid-hindbrain boundary (isthmus) is repression in r3 but lack of Fgf3 did produce mild effects in r5 ( Figure 2C ; n ϭ 9/18). By contrast, inhibition of quired for the specification of the most anterior hindbrain segment in all vertebrates, but, in zebrafish, the both in the same embryo resulted in complete loss of expression in r5 (Figures 2D and 2H ; n ϭ 23/25), while effects of Fgf8 loss are restricted to r0; effects do not extend to r1 ( Figure 2N ). the r3 expression domain was reduced in size ( Figures  2E-2H) . Krox20 is regulated in r5 by the transcription Expression of both Hoxb1 and EphrinB2a in r4 is initially normal in embryos coinjected with Fgf3mo and factor valentino/kreisler/mafB, which is both expressed in and specifies the r5 and r6 territories [9]. In embryos Fgf8mo ( Figures 2E-2H and 2M-2P), as might be expected since Fgf3 and Fgf8 are themselves expressed injected with both Fgf3mo and Fgf8mo, valentino was undetectable (n ϭ 24/29) or greatly reduced (5/29), while there, suggesting that establishment of the prospective r4 domain might prefigure other segments. However, at injections of individual morpholinos showed no effect (Figures 2I-2L which such signals are required, embryos were treated 30% epiboly and tailbud (n ϭ 3/27 r5 transcripts absent, n ϭ 24/27 greatly reduced) or between 60% epiboly and with SU5402, an inhibitor of FGF receptor (FGFR) activation [15]. Efficacy of treatment was confirmed by loss of 1 somite stages (n ϭ 16/22 absent, n ϭ 6/22 greatly reduced). Embryos treated from tailbud stages onward transcripts for the FGF-dependent transcription factor erm, which is expressed in a large region of the hindbrain showed no effects on Krox20 expression (n ϭ 27/27; Figure 3 ). These data independently confirm that Fgf primordium at the time of Fgf3 and Fgf8 expression in r4 [7, 16]. erm is a transcriptional target of activated signaling is required to regulate hindbrain patterning. Furthermore, they indicate that it acts during a brief MAP kinases, Erk-1 and Erk-2, and the latter are in the FGFR signaling cascade. Both erm and activated Erk window of development prior to formation of the first somite. are detected throughout much of the hindbrain territory soon after first detection of Fgf3 and posterior tissues (Figures 1C and 1E) . To exclude the we examined the organization of reticulospinal neurons ( Figures 4E-4H ). These neurons are born during gastrupossibility that the effects on hindbrain gene expression observed in this study were due to signaling from germ lation [17] and differ from rhombomere to rhombomere in their number, in their cell body shape, and in their ring or shield, we repeated the FGFR inhibition experiment but using a shorter treatment period: from 80% axonal projection [18] . The organization of these neurons was unaffected in embryos injected with Fgf8mo epiboly to tailbud stages (about 2 hr). Again, erm expression was reduced or absent in all treated embryos, and ( Figure 4F ). Embryos injected with Fgf3mo generally had neurons with appropriate morphologies in all hindbrain embryos showed either complete loss or greatly reduced expression of Krox20 in r5 (Figures 3M-3P ). These segments, but their axonal projections were abnormal ( Figure 4G ). By contrast, in embryos injected with both data indicate that the requirement for Fgf3 and Fgf8 signaling in hindbrain development is during a brief interFgf3 and Fgf8, only the r4 neuronal complement, including the Mauthner neuron, was organized normally in all val between 80% epiboly and tailbud stages. Despite expression of Fgf3 in the anterior of the embryo (foreembryos. Outside the r4 territory, neuronal development was severely disrupted. Identified reticulospinal neubrain and prechordal plate) and Fgf8 in posterior tissues (prospective tailbud) at these stages ( Figures 1E-1H) , rons characteristic of r1-r3 and r5-r7 were frequently missing, sometimes present only unilaterally in the brain considerations such as the distance of those tissues from the hindbrain and the probable lack of diffusion of or at abnormal axial levels. In addition, their axonal trajectories were always severely disorganized ( Figure 4H ; Fgf protein strongly suggest that the source of Fgf3 and Fgf8 required for hindbrain patterning is prospective n ϭ 22/22). Those reticulospinal neurons that were absent from segments other than r4 showed a degree of rhombomere 4.
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(A), (B), (E), (F), (I), (J), (M), and (N) are photographed at the same magnification, and (C), (D), (G), (H), (K), (L), (O)
The establishment of segmental identity in the hindvariation from embryo to embryo. The r5 complement of reticulospinal neurons was generally completely lost, brain functions to spatially organize neurogenesis and to establish regional neuronal identity. We therefore exand this was often the case for those in r6 (absent unilaterally in the example shown in Figure 4H ). Similarly, amined the consequences of inhibition of Fgf3 and Fgf8 on neuronal development. Immunostaining for acetreticulospinal neurons characteristic of r1-r3 were frequently absent, either unilaterally or bilaterally. These ylated ␤-tubulin showed that axonal organization was somewhat disrupted in embryos injected with Fgf3mo findings suggest that a common program of reticulospinal neurogenesis was attempted along the extent of the alone but was severely disorganized in embryos injected with Fgf3mo and Fgf8mo together (Figures 4A-4D) . To hindbrain, but in the absence of correct segmental cues it became disorganized, and neuronal identity was incorexamine effects on segment-specific neuronal identity,
